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PIXEL INTERPOLATION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a pixel mterpolation
method to be adapted 1n digital cameras or the like.

2. Description of the Background Art

A CCD mmaging device for use 1in digital cameras or the like
photoelectrically transters light received through a color filter
to output pixel data. Such color filter includes an RGB color
filter, aYMCK color filter and the like. Through a single-chip
color filter, single-color pixel data 1s output per pixel. For
instance, when employing the RGB color filter, pixel data
having one of R (red), G (green) and B (blue) color compo-
nents 1s output per pixel.

Therefore, 1n the case of pixel data output from a CCD
imaging device equipped with a single-chip color filter,
single-color 1image data 1s output per pixel, and thus image
data of other color components 1s to be mterpolated. Various
algorithms are used in the interpolation.

However, the interpolation 1s an operation of estimating,
pixel data of a target pixel from pixel data of neighboring
pixels around the target pixel, and accordingly, misinterpola-
tion may be performed depending on the contents of an
image. Therefore, there 1s a technique for improving the inter-
polation accuracy 1n which the difference between G signals
in the vertical direction and the difference between G signals
in the horizontal direction are calculated to obtain correla-
tions 1n the vertical and horizontal directions, respectively,
thereby performing pixel interpolation in accordance with the
correlations.

Japanese Patent Application Laid-Open Nos. 5-133562
(1993), 2001-94951 and 2003-230109 disclose a technique
for evaluating correlations 1n diagonal directions 1n addition
to a correlation in the vertical direction to perform pixel
interpolation.

The above method 1s to improve the accuracy in pixel
interpolation by evaluating the correlations 1n diagonal direc-
tions, but 1s a mere extension of the interpolation method
using correlations 1n the vertical and horizontal directions,
which therefore may cause misinterpolation 1n some cases.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a technique
for improving the interpolation accuracy in a pixel interpola-
tion technology using a plurality of correlations.

The present invention 1s directed to a pixel interpolation
method comprising a first step of mputting pixel data of a
predetermined color space, a second step of obtaining a cor-
relation of a pixel present 1n a first direction, a correlation of
a pixel present 1in a second direction perpendicular to the first
direction, a correlation of a pixel present 1n a third direction
different from the first and second directions and a correlation
of a pixel present 1n a fourth direction perpendicular to the
third direction, using neighboring pixels around a target pixel,
and a third step of performing pixel interpolation at the target
pixel 1n at least one of the first to fourth directions using the
four correlations in the first to fourth directions.

Preferably, 1in the pixel interpolation method, the third step
includes the step of evaluating correlations of a peripheral
region of the target pixel using the four correlations 1n the first
to fourth directions, thereby performing the pixel interpola-
tion at the target pixel in at least one of the first to fourth
directions judged that the correlation 1s strong.
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Preferably, 1n the pixel interpolation method, the third step
includes the step of assigning weights 1n the first to fourth
directions 1n accordance with a proportion of the correlations,
thereby performing the pixel interpolation.

According to the mvention, correlations 1n directions of a
plurality of pairs of two directions perpendicular to each other
are obtained using pixel data of a peripheral region of a target
pixel, and interpolation 1s performed using these correlations
as the basis for judgment. This allows interpolation to be
performed with higher accuracy.

Since correlations 1n a plurality of diagonal directions are
taken 1into account, the invention 1s also etfective 1n the future
case 1n which increasing number of 1maging devices may
have pixels arrayed 1n diagonal directions to create an octago-
nal or a dodecagonal pattern, for example.

These and other objects, features, aspects and advantages
of the present imnvention will become more apparent from the
following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a digital camera
according to preferred embodiments of the present invention;
FIG. 2 1s a diagram illustrating a general RGB Bayer pat-
tern;

FIG. 3 1s a diagram 1llustrating four directions in which
correlations are to be calculated;

FIGS. 4A to 4D are diagrams 1illustrating a method of
calculating correlations 1n four directions when a target pixel
represents a G signal;

FIGS. 5A to 5D are diagrams 1illustrating a method of
calculating correlations 1n four directions when a target pixel
represents an R signal;

FIG. 6 1s a diagram illustrating an RGB Bayer pattern
arranged at 45 degrees;

FIG. 7 1s a diagram 1illustrating an output pattern of pixel
signals shown 1n FIG. 6;

FIGS. 8A to 8D are diagrams 1illustrating a method of
calculating correlations 1n our directions when a target pixel
represents a G signal;

FIGS. 9A to 9D are diagrams 1illustrating a method of
calculating correlations 1n four directions when a target pixel
represents a B signal; and

FIGS. 10A and 10B are diagrams each illustrating a func-
tion of calculating a weighting coellicient.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatter, preferred embodiments 1n the case where a
pixel interpolation method of the present invention 1s applied
to a digital camera will be discussed with reference to the
accompanied drawings. FIG. 1 1s a functional block diagram
illustrating a digital camera 1 according to the preferred
embodiments of the present invention. The digital camera 1
includes a CCD 2 serving as an imaging sensor, an A/D
converter 3, an image processor 4, amemory 6 and an LCD 7.
The 1image processor 4 has a color interpolation circuit 5 to
which the pixel interpolation method of the invention 1s
applied.

In the preferred embodiments, the CCD 2 1s equipped with
a color filter array of RGB Bayer pattern. Accordingly, light
entered from a subject 1s divided into light of each color of
RGB by the color filter array of RGB Bayer pattern. Then,
light of each color of RGB 1s photoelectrically converted 1n
cach pixel of the CCD 2, and 1s stored as charge information.
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The CCD 2 outputs the stored charge mnformation as an ana-
log 1mage signal. This analog 1mage signal 1s converted to
digital form i the A/D converter 3. The A/D converter 3
outputs an 1mage signal of RGB Bayer pattern. As shown 1n
FIG. 2, the image signal output from the A/D converter 3
contains alternately a horizontal line 1n which an R (red)
signal and a G (green) signal are output alternately and a
horizontal line in which a G signal and a B (blue) signal are
output alternately.

In the preferred embodiments, the 1mage signal output
from the CCD 2 1s an image signal of RGB Bayer pattern,
however, the pixel iterpolation method according to the
present mvention 1s applicable to various types of image
signals such as an 1mage signal output from an 1imaging sensor
equipped with a complementary color filter array.

The 1image signal of Bayer pattern output from the A/D
converter 3 1s mnput to the image processor 4, and 1s subjected
to color interpolation processing in the color interpolation
circuit 5. In this color mterpolation processing, a pixel inter-
polation method which will be discussed later 1s adopted.
Then, the image signal 1s converted to an 1image signal con-
taining a signal having RGB color components per pixel.
Thereatter, after performing another kind of correction, com-
pression and the like, the image signal 1s stored 1n the memory
6, or alternatively, 1s output to the LCD 7.

First Preterred Embodiment

Processing on Pixel Array of General RGB Bayer Pattern

A pixel interpolation method according to a first preferred
embodiment of the present invention will be described. In the
present embodiment, a pixel signal output from the CCD 2 1s
a pixel signal of general RGB Bayer pattern as shown in FIG.
2.

As to two-digit numbers following the characters R (red),
G (green) and B (blue) respectively representing color com-
ponents shown 1n FIG. 2, the first digit denotes the row num-
ber of pixel array, and the second digit denotes the column
number of pixel array. In this example, each even-numbered
line 1s a line 1 which an R pixel and a B pixel are read out
alternately like RGRG, and each odd-numbered line 1s a line
in which a G pixel and a B pixel are read out alternately like
GBGB.

FIG. 3 1s a diagram 1illustrating four directions in which
correlations are to be evaluated 1n the pixel array shown 1n
FIG. 2. In the present embodiment, two pairs of two directions
perpendicular to each other are used. The first pair 1s formed
by the vertical direction (column direction) and the horizontal
direction (row direction) perpendicular to each other, and the
second pair 1s formed by diagonal directions A and B perpen-
dicular to each other. In the present embodiment, the diagonal
direction A 1s inclined counterclockwise at 45 degrees rela-
tive to the vertical direction, and the diagonal direction B 1s
inclined clockwise at 45 degrees relative to the vertical direc-
tion.

In FIG. 2 and FIGS. 4A to 4D through FIGS. 9A to 9D, G
signals are circled by heavy solid lines, R signals are circled
by thin solid lines, and B signals are circled by broken lines.
The indications such as R00 and G01 are used to identily
respective pixels in the drawings, but represent pixel values of
respective pixels 1 equations (1) through (20).

Correlation Value Calculation Method

FIGS. 4A to 4D are diagrams illustrating a method of
calculating correlation values when a target pixel represents a
G signal (G22 1n this example). In the present embodiment, G
signals of a 5x5 peripheral region including the target pixel at
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the center are subjected to correlation value calculation, how-
ever, the peripheral region 1s not limited to a specific range. A
77 matrix region may be used instead.

FIG. 4 A 1llustrates the method of calculating a correlation
value 1n the vertical direction, Cvertical, obtained by the
equation (1).

IG11 — G31| +|GO2 — G22| + |G22 — G42| + |G13 — G33|
4

(1)

Cvertical =

More specifically, four pairs of pixel difference absolute
values 1n the vertical direction are calculated using pixel
values of seven G signals (G11, G31, G02, G22, G42, G13
and G33), and an average of these absolute values 1s taken as
the correlation value Cvertical. The smaller the correlation
value Cvertical, the stronger the correlation 1n the vertical
direction.

FIG. 4B 1llustrates the method of calculating a correlation
value 1n the horizontal direction, Chorizontal, obtained by the
equation (2).

(2)

Chorizontal =

IG11 = G13| + G20 — G22| +|G22 — G24| +|G31 - G33|
4

More specifically, four pairs of pixel difference absolute
values 1n the horizontal direction are calculated using pixel
values of seven G signals (G11, G13, G20, G22, G24, G31
and G33), and an average of these absolute values 1s taken as
the correlation value Chorizontal. The smaller the correlation
value Chorizontal, the stronger the correlation 1n the horizon-
tal direction.

FIG. 4C 1llustrates the method of calculating a correlation
value 1n the diagonal direction A, Cdiagonal A, obtained by
the equation (3).

CdiagonalA = (3)

IGO0 — GL1| +|G11 — G22| +]G22 — G33| +|G33 — G44
4

More specifically, four pairs of pixel difference absolute
values 1n the diagonal direction A are calculated using pixel
values of five G signals (G00, G11, G22, G33 and G44), and
an average of these absolute values 1s taken as the correlation
value Cdiagonal A. The smaller the correlation value Cdiago-
nal A, the stronger the correlation in the diagonal direction A.

FIG. 4D 1illustrates the method of calculating a correlation
value 1n the diagonal direction B, CdiagonalB, obtained by
the equation (4).

CdiagonalB = (4)

1G04 — G13| +|G13 — G22| +|G22 — G31| +|G31 — G40
4

More specifically, four pairs of pixel difference absolute
values 1n the diagonal direction B are calculated using pixel
values of five G signals (G04, G13, G22, G31 and G40), and
an average of these absolute values 1s taken as the correlation
value CdiagonalB. The smaller the correlation value Cdiago-
nalB, the stronger the correlation 1n the diagonal direction B.
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FIGS. 5A to SD are diagrams illustrating a method of
calculating correlation values when a target pixel represents
an R signal (R22 in this example). In the present embodiment,
G signals of a 5x35 peripheral region including the target pixel
at the center are subjected to correlation value calculation,
however, the peripheral region 1s not limited to such specific
range. A 3x3 or 7x7 matrix region may be used instead.

FIG. 5A illustrates the method of calculating a vertical
correlation value, Cvertical, obtained by the equation (5).

IGO1 — G21| + |G21 — G41]| + (5)
IG12 — G32| + |GO3 — G23| + |G23 — G43

S

Cvertical =

il

More specifically, five pairs of pixel difference absolute
values 1n the vertical direction are calculated using pixel
values of eight G signals (G01, G21, G41, G12, G32, G03,
(G23 and G43), and an average of these absolute values 1s
taken as the correlation value Cvertical. The smaller the cor-
relation value Cvertical, the stronger the correlation in the
vertical direction.

FIG. 5B illustrates the method of calculating a horizontal
correlation value, Chorizontal, obtained by the equation (6).

IG10 — G12| +|G12 — G14]| +
IG21 — G23| + |G30 — G32| + |G32 — G34|
5

(6)

Chorizontal =

.

More specifically, five pairs of pixel difference absolute
values 1n the horizontal direction are calculated using pixel
values of eight G signals (G10, G12, G14, G21, G23, G30,
(32 and G34), and an average of these absolute values 1s
taken as the correlation value Chorizontal. The smaller the
correlation value Chorizontal, the stronger the correlation 1n
the horizontal direction.

FI1G. 5C 1llustrates the method of calculating a correlation
value 1 the diagonal direction A, CdiagonalA, obtained by
the equation (7).

1G10 — G21| +|G21 — G32| +|G32 — G43| +
1GO1 — G12| +|G12 — G23| + |G23 — G34|
6

(7)

CdiagonalA =

More specifically, six pairs of pixel difference absolute
values 1n the diagonal direction A are calculated using pixel
values of eight G signals (G10, G21, G32, G43, G01, G12,
(23 and G34), and an average of these absolute values 1s
taken as the correlation value CdiagonalA. The smaller the
correlation value Cdiagonal A, the stronger the correlation 1n
the diagonal direction A.

FIG. 5D 1illustrates a method of calculating a correlation
value 1n the diagonal direction B, CdiagonalB, obtained by
the equation (8).

1GO3 — G12| +|G12 — G21| +|G21 — G30| +
1G14 — G23| +|G23 — G32| +|G32 — G4
6

(8)

CdiagonalB =

More specifically, six pairs of pixel difference absolute
values 1n the diagonal direction B are calculated using pixel

values of eight G signals (G03, G12, G21, G30, G14, G23,
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(32 and G41), and an average of these absolute values 1s
taken as the correlation value CdiagonalB. The smaller the
correlation value CdiagonalB, the stronger the correlation 1n
the diagonal direction B.

A pixel interpolation method when a target pixel represents
a B signal 1s stmilar to that when a target pixel represents an
R signal. More specifically, by replacing R signals by B
signals 1n FIGS. 5A to SD and using the equations (5) to (8),
correlation values i1n the horizontal direction, vertical direc-
tion, diagonal direction A and diagonal direction B are
obtained, so that correlations 1n the respective directions can
be evaluated.

Next, three methods of evaluating correlations 1n the four
directions from the correlation values 1n the four directions
obtained by the above-described methods to perform pixel
interpolation will be described.

First Pixel Interpolation Method

First, a first pixel interpolation method will be described.
The first method 1s to evaluate correlations 1n the vertical and
horizontal directions which form a first pair and correlations
in the diagonal directions A and B which form a second pair,
and select either pair having a greater correlation difference.

In each pair, an absolute value of difference between two
correlation values, which 1s also called hereinafter “a difter-
ence absolute value”, 1s calculated. More specifically, in the
first pair, an absolute value of difference |Cvertical-Chori-
zontall between the correlation value 1n the vertical direction,
Cvertical, and the correlation value 1n the horizontal direc-
tion, Chorizontal, 1s calculated. In the second pair, an absolute
value of difference |Cdiagonal A-CdiagonalBl| between the
correlation value 1n the diagonal direction A, CdiagonalA,
and the correlation value 1n the diagonal direction B, Cdiago-
nalB, 1s calculated. Then, the two difference absolute values
are compared 1n size, and either pair having a larger differ-
ence absolute value 1s selected as a pair having a greater
correlation difference, which 1s called hereinafter “a devi-
ated-correlation pair.”

For instance, when Cvertical=20, Chorizontal=10, Cdi-
agonal A=10 and Cdiagonal B=5, the relation 120-10|>110-3]
holds, and theretfore, the first pair 1s elected as a deviated-
correlation pair.

Following determination of the deviated-correlation parr,
either direction in the deviated-correlation pair having a
stronger correlation 1s selected. In the first pair selected 1n the
above example, the correlation value 1n the vertical direction
Cvertical=20 and the correlation value 1n the horizontal direc-
tion Chorizontal=10, and therefore, a direction having a
stronger correlation, 1.e., the horizontal direction having a
smaller correlation value 1s selected.

As described above, a pair having a greater correlation
difference 1s selected as a deviated-correlation pair, and a
direction having a stronger correlation 1s selected 1n the devi-
ated-correlation pair, then, pixel interpolation 1s performed 1n
the direction having a stronger correlation. More specifically,
when a target pixel represents a G signal as shown 1n FIGS.
4A to 4D, an R or a B signal 1s interpolated at the target pixel
using pixels of the same color present 1n the selected direc-
tion. When a target pixel represents an R signal as shown 1n
FIGS. 5A to 5D, a G or a B signal 1s interpolated at the target
pixel using pixels of the same color present in the selected
direction. Similarly, when a target pixel represents a B signal,
a G or an R signal 1s 1nterpolated at the target pixel using
pixels of the same color present 1n the selected direction.

When pixels of a color component to be interpolated are
present on a line along which interpolation is to be performed,
pixel interpolation can be executed by taking an average or
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performing linear interpolation. However, there may be a case
where no pixel having a color component to be interpolated 1s
present on a line along which interpolation 1s to be performed
depending on the pixel array. In such case, a method shall be
employed which estimates a value of a pixel at which inter-
polation 1s to be performed on the basis of the rate of change
(Laplacian) 1n a direction perpendicular to the line along
which interpolation 1s to be performed. However, the inter-
polation method 1s not limited specifically, provided that the
above-described evaluation of correlations according to the
present invention 1s considered.

In the above example 1n which Cvertical=20, Chorizon-
tal=10, CdiagonalA=10 and CdiagonalB=5, the first pair 1s
selected, and then, the horizontal direction 1s selected.
Accordingly, when the target pixel represents a G signal, an R
signal 1s interpolated at the target pixel using R signals
present 1n the horizontal direction, and a B signal is mterpo-
lated at the target pixel using B signals present 1n the hori-
zontal direction (1.e., B signals estimated considering the rate
of change 1n the vertical direction as described above since
there 1s no B signal present on the horizontal line). Similarly,
when the target pixel represents an R signal, a B signal 1s
interpolated at the target pixel using B signals present in the
horizontal direction (1.e., B signals estimated considering the
rate of change 1n the vertical direction as described above
since there 1s no B signal present on the horizontal line), and
a G signal 1s interpolated at the target pixel using G signals
present 1n the horizontal direction. When the target pixel
represents a B signal, an R signal 1s interpolated at the target
pixel using R signals present 1n the horizontal direction (1.¢.,
R signals estimated considering the rate of change in the
vertical direction as described above since there 1s no R signal
present on the horizontal line), and a G signal 1s interpolated
at the target pixel using G signals present in the horizontal
direction. Pixel interpolation may be performed 1n both two
directions mcluded 1n a deviated-correlation pair.

Second Pixel Interpolation Method

Next, the second pixel interpolation method will be
described. Similarly to the above-described first pixel inter-
polation method, one of the first and second pairs 1s also
selected as a deviated-correlation pair 1n this second method.
Then, the second method uses correlations 1n the two direc-
tions 1included 1n the selected deviated-correlation pair. More
specifically, the two directions included in the selected devi-
ated-correlation pair are assigned weights 1n a proportion
based on their correlations, thereby performing pixel imnterpo-
lation taking into account pixel variations in the two direc-
tions.

In the above example, 1n the first pair selected as a deviated-
correlation pair, Cvertical=20 and Chorizontal=10, and the
ratio between the correlation values 1s 2/3:1/3. Thus, the ratio
between correlations becomes 1/3:2/3. Assuming that a pixel
value obtained by performing interpolation at the target pixel
in the vertical direction 1s P1 and a pixel value obtained by
performing interpolation in the horizontal direction 1s P2, the
pixel value of the target pixel shall be obtained as P1x1/3+
P2x2/3 by assigning weights 1n the proportion based on the
correlations. This allows interpolation to be performed with
high accuracy taking into account the correlations 1n both the
vertical and horizontal directions.

Denoting correlations 1n two directions X and Y included
in a selected deviated-correlation pair by CX and CY, respec-
tively (calculated similarly to the method described referring,
to equations (1) to (8)), and pixel values obtained by pixel
interpolation in the directions X andY by PX and PY, respec-

10

15

20

25

30

35

40

45

50

55

60

65

8

tively, the proportion of correlations 1n the two directions X
and Y 1s generally obtained by the expression (9).

cy X
CX +CY CX +CY

(9)

Therefore, an interpolated pixel value 1s obtained by the
expression (10) by assigning weights 1n the proportion of
correlations 1n the two directions X and Y.

cr PY
: +
CX +CY

CX
"CX +CY

PX 1)

In the above example, the proportion of correlations 1s used
as a weighting coetlicient to carry out simple proportional
distribution in accordance with the correlations, however, a
function as shown in FIG. 10A or 10B may be used instead to
calculate a weighting coetficient. In the drawings, the hori-
zontal axis indicates the proportion of correlations (corre-
sponding to the weighting coelificient in carrying out the
simple proportional distribution), and the vertical axis indi-
cates the value of weighting coellicient determined by each
function.

As shown, each function of obtaining a weighting coetli-
cient 1s not a simple linear function but 1s defined to have a
different inclination depending on a region representing the
proportion of correlations. In other words, a different function
shall be applied depending on the proportion of correlations.
The inclinations in the respective regions shown 1 FIGS.
10A and 10B are only 1llustrative examples, and the function
in each region may be set freely.

When using either of the functions as shown 1n FIGS. 10A
and 10B, values of the function may previously be stored in a
ROM as a look up table (LUT), or a formula for the function
may be executed as software processing.

Third Pixel Interpolation Method

Next, the third pixel interpolation method will be
described. This method 1s to perform pixel interpolation by
assigning weights in all the four directions 1n accordance with
the proportion of correlations 1n the four directions obtained
by the above method.

In the above example where Cvertical=20, Chorizon-
tal=10, Cdiagonal A=10 and Cdiagonal B=>5, the proportion of
correlation values 1s 20/45:10/45:10/45:5/45. The proportion
of correlations 1s therefore expressed as 25/45:35/45:35/453:
40/45. This method of calculating the proportion of correla-
tions 1s only an illustrative example, and another example will
be described later.

Assuming that a pixel value obtained by performing inter-
polation at the target pixel 1n the vertical direction 1s P1, a
pixel value obtained by performing interpolation 1n the hori-
zontal direction 1s P2, a pixel value obtained by performing
interpolation in the diagonal direction A 1s P3 and a pixel
value obtained by performing interpolation in the diagonal
direction B 1s P4, the pixel value of the target pixel shall be
obtained as (P1x25/45+P2x35/45+P3x35/45+P4x40/45)/3
by assigning weights 1n accordance with the proportion of
correlations. This allows interpolation to be performed with
high accuracy taking into account the correlations 1n the four
directions, 1.€., vertical direction, horizontal direction, diago-
nal direction A and diagonal direction B.

Denoting correlations in directions X, Y, Z and £2 by CX,
CY, CZ and C€2, respectively (calculated similarly to the
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method described referring to equations (1) to (8)), and pixel
values obtained by pixel interpolation 1in the directions X, Y, Z
and €2 by PX, PY, PZ and P2, respectively, the proportion of
correlations 1n the four directions X, Y, 7Z and €2 1s generally
obtained by the expression (11).

CY+CZ+CQ  CX+CZ+CQ (11)
CX+CY+CZ+COA CX+CY+CZ+CO
CX +CY + CS) (X +CY+CZ

CX+CY+CZ+CQ:CX+CY+CZ+CQ

Therelfore, an interpolated pixel value 1s obtained by the
expression (12) by assigning weights 1n accordance with the
proportion of correlations in the four directions X, Y, Z and £2.

CX +CZ+CS) 3

- +
CX +CY+CZ+CK)
CX +CY+CZ

CX +CY+CZ+CQ

( CY+CZ+CS)
PX

: + PY
CX +CY+CZ+CL)
CX +CY + CL)

PZ- + P
CX +CY+CZ+ CK)

(12)

/3

.’,.F_

As the method of calculating a weighting coetlicient, the
function as shown 1n FIG. 10A or 10B may also be used in the
present third method.

As another method of obtaining the proportion of correla-
tions, an inverse proportion of correlation values may be used.
More specifically, when Cvertical=20, Chorizontal=10, Cdi-
agonal A=10 and Cdiagonal B=5, the proportion of correlation
values1s 20:10:10:35. Therefore, the proportion of correlations
shall be an 1inverse proportion, 1/20:1/10:1/10:1/5, 1.e., 1/9:2/
9:2/9:4/9.

Alternatively, still another method of obtaining the propor-
tion of correlations 1s to consider a correlation difference rate.
More specifically, the proportions of correlations in the
respective pairs are 10/30:20/30 and 5/15:10/15, and the cor-
relation difference rate between the pairs 1s [20-10/:110-51,
1.€., 2/3:1/3. Thus, the proportions of correlations 1n the pairs
are multiplied by the correlation difference rate to be 10/30x
2/3:20/30%2/3:5/15%1/3:10/15x1/3, 1.e., 2/9:4/9:1/9:2/9. In
this method, nonlinear characteristics shown 1n FIG. 10A or

10B may be apphed to each of the correlation coetlicient and
correlation difference rate.

Second Preterred Embodiment

Processing on Pixel Array of RGB Bayer Pattern Turned 45
Degrees

A pixel interpolation method according to a second pre-
terred embodiment of the present invention will be described.
The CCD 2 according to the present embodiment has a pixel
array as shown 1n FIG. 6. More specifically, the general RGB
Bayer pattern shown in FIG. 2 1s turned 45 degrees. For

instance, CCDs having such pixel array are known as honey-
comb CCDs.

A pixel signal output from the CCD 2 1s a pixel signal
having an array as shown in FIG. 7. In this example, an R (red)
pixel and a B (blue) pixel are read out alternately like RBRB
in each even-numbered line, and G (green) pixels are continu-
ously read out like GGGG 1n each odd-numbered line. In this
manner, the output signal arrangement differs from that of the
first preferred embodiment, and therefore, a method 1is

employed which 1s different from that described 1n the first
preferred embodiment.
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In the present embodiment, two pairs of correlated direc-
tions perpendicular to each other are also used as shown 1n

FIG. 3.

Correlation Value Calculation Method

FIGS. 8A to 8D are diagrams 1llustrating a method of
calculating correlation values when a target pixel represents a
G signal (G22 1n this example). In the present embodiment, G
signals included in a 3x3 peripheral region centering at the
target pixel are subjected to correlation value calculation,
however, the peripheral region 1s not limited to such specific
range. A 5x35 or 7x7 matrix region may be used instead.

FIG. 8 A 1llustrates the method of calculating a correlation
value 1n the vertical direction, Cvertical, obtained by the
equation (13).

1GO2 — G22| + |G22 — G42|

2

(13)

Cvertical =

More specifically, two pairs of pixel difference absolute
values 1n the vertical direction are calculated using pixel
values of three G signals (G02, G22 and G42), and an average
ol these absolute values 1s taken as the correlation value
Cvertical. The smaller the correlation value Cvertical, the
stronger the correlation in the vertical direction.

FIG. 8B illustrates the method of calculating a correlation
value 1n the horizontal direction, Chorizontal, obtained by the
equation (14).

1G21 — G22| +|G22 — G23)
P

(14)

Chorizontal =

More specifically, two pairs of pixel difference absolute
values 1n the horizontal direction are calculated using pixel
values of three G signals (G32, G22 and G23), and an average
ol these absolute values 1s taken as the correlation value
Chorizontal. The smaller the correlation value Chorizontal,
the stronger the correlation 1n the horizontal direction.

FIG. 8C 1llustrates the method of calculating a correlation
value 1n the diagonal direction A, Cdiagonal A, obtained by
the equation (15).

|GO1 — G22| +|G22 — G433
2

(15)

CdiagonalA =

More specifically, two pairs of pixel difference absolute
values 1n the diagonal direction A are calculated using pixel
values of three G signals (G01, G22 and G43), and an average
of these absolute values 1s taken as the correlation value
Cdiagonal A. The smaller the correlation value Cdiagonal A,
the stronger the correlation 1n the diagonal direction A.

FIG. 8D 1illustrates the method of calculating a correlation
value 1n the diagonal direction B, CdiagonalB, obtained by
the equation (16).

1GO3 — G22| +|G22 — G4
2

. (16)
CdiagonalB =

More specifically, two pairs of pixel difference absolute
values 1n the diagonal direction B are calculated using pixel

values of three G signals (G03, G22 and G41), and an average
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of these absolute values 1s taken as the correlation value
CdiagonalB. The smaller the correlation value CdiagonalB,
the stronger the correlation 1n the diagonal direction B.

FIGS. 9A to 9D are diagrams illustrating a method of
calculating correlation values when a target pixel represents a
B signal (B22 in this example). In the present embodiment, G
signals included in a 2x4 peripheral region centering at the
target pixel are subjected to correlation value calculation,
however, the peripheral region 1s not limited to such specific
range.

FIG. 9A illustrates the method of calculating a vertical
correlation value, Cvertical, obtained by the equation (17).

IG10— G30| + |G11 — G32| + |G12 — G32| +|G13 — G333
4

(17)

Cvertical =

More specifically, four pairs of pixel difference absolute
values 1n the vertical direction are calculated using pixel
values of eight G signals (G10, G11, G12, G13, G30, G31,
(32 and G33), and an average of these absolute values 1s
taken as the correlation value Cvertical. The smaller the cor-
relation value Cvertical, the stronger the correlation in the
vertical direction.

FI1G. 9B illustrates the method of calculating a horizontal
correlation value, Chorizontal, obtained by the equation (18).

1G10 — G11] +|G11 = G12| +|G12 — G13| +
1G30 — G31| +|G31 — G32| + |G32 — G33
6

(18)

Chorizontal =

More specifically, six pairs of pixel difference absolute
values 1n the horizontal direction are calculated using pixel
values of eight G signals (G10, G11, G12, G13, G30, G31,
(32 and G33), and an average of these absolute values 1s
taken as the correlation value Chorizontal. The smaller the
correlation value Chorizontal, the stronger the correlation 1n
the horizontal direction.

FI1G. 9C 1llustrates the method of calculating a correlation
value 1n the diagonal direction A, Cdiagonal A, obtained by
the equation (19).

IG10 — G31| +|G11 — G32| +|G12 — G33
3

(19)

CdiagonalA =

More specifically, three pairs of pixel difference absolute
values 1n the diagonal direction A are calculated using pixel
values of s1x G signals (G10, G11, G12, G31, G32 and G33),
and an average of these absolute values 1s taken as the corre-
lation value CdiagonalA. The smaller the correlation value
CdiagonalA, the stronger the correlation in the diagonal
direction A.

FIG. 9D 1illustrates a method of calculating a correlation
value 1n the diagonal direction B, CdiagonalB, obtained by
the equation (20).

IG11 — G30| +|G12 — G31| +|G13 - G32|
3

(20)

CdiagonalB =

More specifically, three pairs of pixel difference absolute
values 1n the diagonal direction B are calculated using pixel

values of six G signals (G11, G12, G13, G30, G31 and G32),
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and an average of these absolute values 1s taken as the corre-
lation value CdiagonalB. The smaller the correlation value
CdiagonalB, the stronger the correlation in the diagonal
direction B.

A pixel interpolation method when a target pixel represents
an R signal 1s similar to that when a target pixel represents a
B signal. More specifically, by replacing B signals by R
signals 1n FIGS. 9A to 9D and using the equations (17) to
(20), correlations 1n the vertical direction, horizontal direc-
tion, diagonal direction A and diagonal direction B are
obtained, so that correlations 1n the respective directions can
be obtained.

Following calculation of four correlation values (Cvertical,
Chorizontal, CdiagonalA and CdiagonalB) in the vertical
direction, horizontal direction, diagonal direction A and
diagonal direction B by the above-described method, pixel
interpolation can be performed by methods similar to the
three pixel iterpolation methods described 1n the first pre-
terred embodiment. More specifically, the first method 1s to
select a deviated-correlation pair, and to select a direction
having a stronger correlation in the deviated-correlation pair.
The second method 1s to select a deviated-correlation pair,

and to assign weights 1n the two directions of the deviated-
correlation pair 1n accordance with the proportion of correla-
tions to perform pixel interpolation. The third method 1s to
assign weights 1n the four directions 1n accordance with the
proportion of correlations to perform pixel interpolation.

Variant

In the above preferred embodiments, directions respec-
tively inclined at 45 degrees relative to the vertical direction
are selected as the diagonal directions A and B, however, this
1s only an 1llustrative example. The diagonal directions A and
B may be inclined at any angle relative to the vertical direc-
tion, provided that they are perpendicular to each other.

Further, correlation values are obtained for G signals 1n the
above preferred embodiments. In the case where pixel data to
be input 1s data containing a luminance signal, however, 1t 1s
preferable that correlation values be obtained using the lumi-
nance signal. However, a pixel component for which corre-
lation values are to be obtained in the pixel interpolation
method according to the present invention 1s not limited to a
G signal or a luminance signal, but correlation values may be
obtained using another color component.

Furthermore, when evaluating correlation values, compari-
son may be made with a threshold value. In the present
embodiment, as described above, correlation values are cal-
culated 1n the vertical direction, horizontal direction, diago-
nal direction A and diagonal direction B. Then, the respective
correlation values are compared with a predetermined thresh-
old value. Thereafter, 1n the third pixel interpolation method
of performing pixel interpolation 1n the four directions, pixel
interpolation may be performed only 1n a direction having a
correlation value lower than the threshold value (1.e., a direc-
tion having a strong correlation). When correlation values in
all the directions exceed the threshold value (i.e., when none
of the directions has a strong correlation), pixel interpolation
methods may be changed by, for example, selecting median
interpolation or average value interpolation, according to the
circumstances.

While the mmvention has been shown and described 1n
detail, the foregoing description is 1n all aspects 1llustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.
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9. The pixel interpolation method according to claim 1,
wherein said performmg pixel interpolation comprises

13

What 1s claimed 1s:
1. A pixel interpolation method comprising:

inputting pixel data of a predetermined color space; determining said first correlation as C1;
obtaining respective correlations of a target pixel present in §~eterrn1n}ng sa%(;, second corr elation as C2; and
first-fourth directions, said second direction perpendicu- 5 determining said proportions as

lar to said first direction, said third direction different

from said first and second directions and said fourth
direction perpendicular to said third direction, using
neighboring pixels around said target pixel; and

performing pixel interpolation at said target pixel in two of 10
said first to fourth directions perpendicular to each other
using proportions of two of said correlations corre-
sponding to said two directions with respect to each
other.

2. A pixel interpolation method comprising: 15

C1 e
cl+c2 iy

10. The pixel interpolation method according to claim 9,
wherein P1 1s an interpolated value of said target pixel 1n said
first direction and P2 1s an interpolated value of said target
pixel i said second direction, said performing pixel imterpo-
lation comprising;:

inputting pixel data of a predetermined color space;

obtaining a correlation of a pixel present 1n a first direction,
a correlation of a pixel present 1n a second direction

determiming said interpolated value of said target pixel as:

perpendicular to said first direction, a correlation of a .Y 2
pixel present in a third direction different from said first <" Cl+C2 Cl+C2
and second directions and a correlation of a pixel present
in a fourth direction perpendicular to said third direction, 11. A pixel interpolation method, comprising:
using _ﬂ‘3igl_1b012iﬂg pixelsi ar ound‘a target pixel§ and inputting pixel data of a predetermined color space;
performing pixel interpolation at said target pixel in at Jeast ,s  Obtaining respective correlations of'a target pixel present in
one of said first to fourth directions using said four first-fourth directions as C1-C4, respectively, said sec-
correlations 1n said first to fourth directions, ond direction perpendicular to said first direction, said
wherein third direction different from said first and second direc-
said performing step includes the step of evaluating corre- tions and said fourth direction perpendicular to said third
g four comelations in said first o fouth directions, % piver an - EAvOring piels around said target
thereby performing said pixel interpolation at said target performing pixel interpolation at said target pixel in said
pixel 1n at least one of said first to fourth directions first to fourth directions using proportions determined
judged that said correlation 1s strong, and respectively as
said performing includes the step of performing said pixel 25
interpolation 1n at least one direction included in a palr of
directions havmg a greater correlation difference C2+C3+C4 Cl+C3+C4
between a pair of said first and second directions and a Cl+C2+C3+C4" C1+C2+C3+C4°
pair of said third and fourth directions. Cl+C2+C4 L Cl+C2+C3
3. The pixel interpolation method according to claim 2, Cl+C2+C3+C4 " CL+C2+C3+C4

wherein said performing includes the step of performing
pixel interpolation only 1 a direction having the strongest
correlation between directions included 1n said pair having a
greater correlation difference.

4. The pixel interpolation method according to claim 2,
wherein said performing includes the step of assigning
weilghts 1n respective directions included 1n said pair having a
greater correlation difference in accordance with a proportion
of said correlations, thereby performing said pixel interpola-
tion.

5. The pixel interpolation method according to claim 1,
wherein said pixel data of said predetermined color space
contains data having pixels of respective color components
included 1n said predetermined color space arrayed in a Bayer
pattern. 55

6. The pixel interpolation method according to claim 1,
wherein said first direction 1s one of a vertical direction and a
horizontal direction, and said third direction 1s a direction
inclined at 45 degrees relative to the vertical direction.

7. The pixel interpolation method according to claim 1, 4o
wherein said obtaining includes obtaining each of said corre-
lations for a G signal when said pixel data 1s of an RGB color
space.

8. The pixel interpolation method according to claim 1,
wherein said obtaining includes obtaining each of said corre- 65
lations for a luminance signal when said pixel data 1s of a
predetermined color space contaiming the luminance signal.

12. A pixel interpolation method, comprising:
inputting pixel data of a predetermined color space;
obtaining respective first-fourth correlations of a target
45 pixel present 1n first-fourth directions, respectively, said
second direction perpendicular to said first direction,
said third direction different from said first and second
directions and said fourth direction perpendicular to said
third direction, using neighboring pixels around said
50 target pixel; and
performing pixel interpolation at said target pixel 1n said
first to fourth directions using correlation proportions
respectively inversely proportional to each other.
13. A pixel interpolation method, comprising:
inputting pixel data of a predetermined color space;
obtaining respective first-fourth correlations of a target
pixel present 1n first-fourth directions, respectively, said
second direction perpendicular to said first direction,
said third direction different from said first and second
directions and said fourth direction perpendicular to said
third direction, using neighboring pixels around said
target pixel;
obtaining a first difference between said first and second
correlations, and a second difference between said third
and fourth correlations;
determining first and second proportions using said first
and second correlations;




US 7,551,214 B2

15

determining third and fourth proportions using said third
and fourth correlations:

multiplying said first and second proportions by said first
difference to give first and second multiplied propor-
tions;

multiplying said third and fourth proportions by said sec-

ond difference to give third and fourth multiplied pro-
portions; and

performing pixel interpolation at said target pixel 1n said
first to fourth directions using said first-fourth multiplied
proportions.

10

16

14. The pixel method according to claim 13, comprising:

determiming said first proportion as said second correlation
divided by a sum of said first and second correlations;

determiming said second proportion as said first correlation
divided by a sum of said first and second correlations;

determining said third proportion as said fourth correlation
divided by a sum of said third and fourth correlations;
and

determining said fourth proportion as said third correlation
divided by a sum of said third and fourth correlations.

¥ o # ¥ ¥
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